Providing truly accessible user interfaces for a great variety of users still presents a major challenge for software developers. Contrasting from a 'design for all' approach, we present a design patterns based approach for the implementation of adaptive user interfaces for users with special needs. This paper gives an overview of essential requirements of adaptive systems, covering aspects for users as well as system developers. The overall structure, adaption mechanisms, distinctive design pattern types and demonstrative examples of the 'MyUI' design patterns approach are described and illustrated.
Introduction
Adaptive user interface technologies have a long tradition (see e.g. [1] ) but still are envisioned to yield great advantages for the usability and accessibility of advanced technical systems (cf. [2] ), especially for people with special needs. Modern recognition, sensor and agent technologies aim at interpreting user actions and contextual information in terms of user goals and intentions and providing services as an adequate system reaction. Adaptive user interfaces working on user and context models are widely considered as empowering the user to benefit from system intelligence and to control complexity.
However, most of the published approaches to adaptive user interfaces aim at different purposes than accessibility for users with special needs. Early systems as the Doppelgänger (cf. [3] ) and the Lifestyle Finder (cf. [4] ) were built in order to present or suggest interesting content to a user with specific interests. In their recent book, Jannach et al. [5] provide an extensive overview of personalized recommendation systems in diverse application fields. Similarly, adaptive e-learning systems such as ELM-ART II (cf. [6] ) aim at promoting efficient learning by adapting the instruction material to the learner's individual progress and cognitive level.
Another category of adaptive user interfaces support the users by providing appropriate levels of assistance and guidance in order to improve the usability and comfort of use, e.g. "Augur" ( [7] ), "Flexcel" ( [8] ) and "SmartCal" ( [9] ). * This work was funded by the European Union MyUI project under grant FP7-ICT-248606.
Modern Design-for-All approaches discuss flexible user interfaces which are generated on the basis of a specific user profile, as one common user interface for all often fails to meet many users' special needs. In the EU-project ASK-IT (IST-2003-511298: Ambient Intelligence System of Agents for Knowledge-based and Integrated Services for Mobility Impaired users), a user taxonomy has been developed which can be used as a starting point to describe specific needs (cf. [10] ). The follow-up project OASIS has developed an adaptation framework which relies particularly on a library of adaptive widgets (cf. [11] ). In the research project SUPPLE at the University of Washington, a UI toolkit has been developed for building applications with automatically generated and personalizable user interfaces. Main research and development activities of the SUPPLE project include the adaptation to a person's device ( [12] ) and physical disabilities ( [13] ).
According to Brusilovsky ([14] ), user interface adaptations can take place in three areas of a system: (1) the selection of content to be displayed or recommended to the user, (2) the presentation of information including colors, font sizes, layout, etc., and (3) navigation which defines the possible paths users can take through an application in order to access a certain information or functionality. In many cases, user interface adaptations concentrate on very specific areas of a user interface whereas other design areas are kept stable. In personalized e-commerce applications, for example, only the selection of displayed content elements is adapted to fit the user's assumed preferences. Adaptive user interfaces which aim at improving the accessibility, however, will have to take into consideration all three design areas. The great diversity in perceptual, motor and physical capabilities and in contextual conditions requires adaptations of content, presentation and navigation. Moreover, there are significant interaction effects between adaptations in the different design areas. Adaptive mechanisms designed in order to improve one aspect of interaction will often lead to increased effort or even problems in another dimension (cf. [15] ). For example, when font sizes are increased in order to address vision impairments, selection lists might need to be split to be displayed on two screens, which increases attention and memory demands on the user. Thus, developing user interfaces that support accessibility by providing extensive adaptivity is a highly complex challenge which appears to be not yet mastered.
The current paper presents a design patterns based approach to adaptive user interfaces which is under development in the ongoing European project MyUI (FP7-ICT-2009-4-248606). The project will produce an infrastructure for accessible user interfaces which self-adapt during run-time in order to cover individual needs and limitations. The MyUI adaptation relies on a repository of user interface design patterns which are selected and put together according to the current user profile. A major objective is to reduce the need for configuration or user enrolment. The user profile shall be produced and refined iteratively on the basis of information gathered during the interaction between a user and a MyUI product or service. This paper focuses on the conceptual user interface adaptation framework of the MyUI project, whereas other aspects are covered in further papers of this conference proceedings: [16] discussing the human factors perspective, [17] describing the design of the middleware architecture and [18] presenting the MyUI "Virtual User Lab" which employs virtual reality tools to support designers and developers through simulation of end user interactions in realistic scenarios.
Requirements on Adaptive User Interfaces to Improve Accessibility
As pointed out by [16] , adaptive user interfaces can help to support accessibility. From a user perspective, the design of effective and acceptable adaptations, however, is not straightforward. A basic challenge is that "the benefits of correct adaptations must outweigh the costs, or usability side effects, of incorrect adaptations" ( [15] ). This demand can be understood in manifold ways, as, for example, adaptive systems are often criticized for their lack in consistency and therefore dependability and for their autonomous adaptation behaviour which can result in a loss of user control. Major challenges in the design of concrete adaptive user interface solutions include creating design solutions that fit the individual users' needs and finding adaptation mechanisms that lead to understandable and trustworthy system behaviour. Moreover, the basic principles of adaptation play an important role in deciding upon the effectiveness and success of adaptive user interfaces. For the design of the conceptual framework of MyUI adaptive user interfaces, we focus particularly on the following major requirements:
• Adapt content, navigation and presentation The MyUI project addresses accessibility problems typically associated with aging and stroke in quite a broad sense. Therefore, MyUI user profiles cover perceptual, cognitive, and motor characteristics and impairments of individual users. As a consequence, all of the three above mentioned user interface domains content, navigation and presentation must be subject to adaptation.
• Modular and extensible
Individualized user interfaces for heterogeneous user groups require a just as broad spectrum of user interface solutions. A modular approach will be needed to manage such a huge amount of possible user profiles and respective user interface solutions. For practical reasons, extensibility of the modular approach will be important in order to support a quick start with a manageable subset of design solutions and later extensions.
• Learn and adapt during run-time
Intelligent user interface adaptation mechanisms avoid tedious configuration procedures. Not only before but during the interaction, the system is collecting information about a specific user which is stored in a user profile as basis for automatic user interface individualizations. This self-learning process leads to dynamic changes of an individual user profile during the interaction that will be reflected in a dynamically adapting user interface. Furthermore, aging and recovering from a stroke are often associated with significantly altering capabilities which will lead to different needs and changed user profiles over time. Therefore, the adaptation framework must support run-time rendering and run-time adaptations of the user interface (cf. "adaptation during use" as described by [19] ). The design of transitions from one instance of a user interface to another becomes an important design issue.
• Consistent and meaningful user interfaces
Adapting user interfaces to multi-dimensional user profiles can be viewed as resolving a multidimensional problem where conflicts and inconsistencies can easily occur. Effective rules and mechanisms for the adequate selection and composition of design solutions throughout an entire application will be fundamental for achieving a consistent and meaningful user interface.
The MyUI Design Patterns Approach to Adaptive User Interfaces

Self-learning and Self-adaptive User Interfaces
MyUI aims at minimizing the need for an initial user interface configuration or user enrolment. MyUI systems are delivered in a "raw" state that have the potential of evolving diverse concrete shapes in combination with a specific end user and her/his surroundings. Then, the system is learning to more accurately adapt to a specific end user and relevant contexts or situations. This adaptation requires user and context information which is shared across all adaptive applications in the environment. The gained synergies result in a network of personal applications which can learn from each other on-the-fly and act in coordination. Figure 1 illustrates the closed loop of interaction, sensing, interpretation, user profiling and composing an individual user interface on the basis of the currently available user profile. 
Design Patterns as Building Blocks of a Modular User Interfaces
In order cover the great heterogeneity of users, MyUI follows a modular approach to user interface development which relies on the composition of multimodal user interface design patterns. The design patterns provide proven solutions for specific interaction contexts, specific end user characteristics and contextual requirements which are explicitly addressed by the design. Each pattern is associated with software components that can be composed and modified in order to achieve accessible user interfaces. Thus, individual accessibility is achieved by combining design patterns that suit for a certain end user and context of use. User interface adaptation is done by switching from one instance of a design patterns cluster (e.g. all patterns for single selection from a list of options) to another design pattern of the same cluster which is hypothesized to fit best to the individual user's needs.
The conceptual back bone of the MyUI is the design patterns repository which includes proven design solutions for optimal accessibility and usability. Each pattern is described in a defined structure as proposed in [20] and related to other patterns of different types and levels of abstraction.
MyUI Adaptation Framework
The MyUI design patterns repository includes four categories of design patterns:
1. generic patterns, 2. interaction patterns, 3. common patterns and 4. transition patterns.
Each pattern type fulfils distinct functions in the MyUI adaptation framework and therefore, requires a specific description format. Generic design patterns define global user interface settings to fit specific user needs and context conditions. On the basis of these global user interface settings, interaction design patterns provide suitable user interface elements and widgets for current interaction situations. Common patterns define all the stable features of a user interface for a specific device which are not subject to adaptations, e.g. the resolution of the screen, a basic layout grid, etc. Transition patterns cover the dynamics of the adaptation processes, i.e. they define the mechanisms of switching from one generic or interaction pattern to another. The range of potential transition patterns goes from requesting explicit user confirmations before adapting the user interface to automatic and sudden changes without directed user action. The design and selection of suitable transition patterns will be crucial for the usability, understandability and acceptability of adaptive user interfaces. Changes in different areas of the user interface will require different levels of user awareness and user initiative in order to be effective.
Generic and interaction design patterns are the core elements of the two-stage user interface generation and adaptation process as illustrated in figure 2 . Therefore, these two pattern categories will be described in more detail in the following sections.
Generic design patterns. Generic design patterns define the global settings of the user interface. These global settings encompass user interface variables such as font size or suitable and preferred interaction mechanisms (e.g. voice control, touch, gesture, etc.) which determine the overall appearance of the individualized user interface across all interaction situations. Generic patterns are closely related to Interaction patterns define variants of UI elements and controls for specific interaction situations and UI profiles. Fig. 2 . Generic design patterns and interaction design patterns in the two-stage user interface generation and adaptation process specific user characteristics as stored in the user profile. They process the current user profile and "translate" user characteristics into user interface features, i.e. global settings. Figure 3 presents an example of a generic pattern which sets the font size in accordance with the current setting in the user profile variable Visual Acuity and Sensitivity Impairment. With a blank user profile (i.e. no information available about the user), the default variants of all generic patterns will be activated. Each time when changes occur to the user profile, all generic patterns will be updated, and the best fitting generic patterns will be activated. This will result in changes to the global settings.
Interaction design patterns. Interaction design patterns provide the interactive elements needed in the current interaction situation as drawn from an abstract application model. For each interaction situation (e.g. main menu, single selection from a list of options) a bundle of interaction design patterns is provided. Depending upon the current values in the global user interface variables (as set by the generic patterns) the most suitable interaction design pattern will be selected from the current bundle in order to cover individual impairments or other constraints.
Interaction design patterns do not have any references to user profile variables. Their input variables are the current interaction situation (problem statement in the pattern description) which is drawn from the abstract application model and relevant user interface settings (context statement in the pattern description). Figure 4 provides an example of an interaction design patterns description.
<ID> Font Size -Medium Problem
Users with medium vision impairments need moderately increased font sizes in order to be able to read the displayed text in a comfortable manner. Then, from all the selected interaction patterns a complete user interface is generated. At the stage of rendering the user interface, the concrete application content is used as another input source in order to parameterize the user interface
Context
<ID> Main Menu -4x4-Tile Style (Default) Problem
Main Menu provides access to all available services/applications of the TV set and might display important status information for some services (e.g. indicate new message for the email service).
Note: The displayed items do not have a natural order. Order could be changed by the user or could be subject of adaptations (based on frequency of use widgets, e.g. put specific content options into menu elements and add labels to buttons. Therefore, interaction patterns bridge the gap between the applicationnamely interaction situations (states) and content elements -and the generic design patterns (generic user interface features). With the input from the application (states and content) and from the generic patterns, suitable interaction patterns are selected and a specific user interface is created.
Generating and Adapting User Interfaces at Run Time
A User Interface Generator creates a complete user interface from the selected interaction design patterns (i.e. the respective software components). As the main user interaction platform, the MyUI project targets an interactive TV set with the Philips Net TV framework (cf.
[21]) which relies on CE HTML and is expected to support more advanced web technologies in the future. For target platform support, the MyUI generator creates web-based user interfaces. Involved technologies include HTML, CSS and AJAX/Java Script. The user interface generator is part of the MyUI middleware which is implemented in PHP (see [17] for a detailed description of the MyUI middleware). As an output of generic and interaction design patterns, a distinct composition of HTML, CSS and Javascript code is being generated.
Relevant changes in the user profile can be recognised and will lead to a reconfiguration of the displayed user interface. Besides explicit user profile configurations in dialogues, possible triggers for changes in the user profile shall be recognized events in the user interaction which indicate problems of use, e.g. repeated time-out events, repeated go-back events, repeated invalid user input, etc. Further input to the user profile is provided by external sensors which capture relevant user behaviour such as facial expressions, head orientation and eye gaze direction, etc. (see [18] for a more detailed description). In order to be able to trigger immediate system reactions to modified user profiles, different client and server sided AJAX components are included into the MyUI adaptation framework.
Conclusions
The vision of intelligent user interfaces that adapt to individual needs and preferences is not new. Their realization, however, is a great challenge. The presented concept is an attempt to make use of the widely established notion of interaction design patterns for implementing highly modular and self-adaptive user interfaces that will be able to improve the accessibility of every-day ICT products. The modularity of the approach shall support the adaptation to a maximum heterogeneity of the envisaged target user groups and contexts of use.
We are planning a series of user studies in order to validate the usability and accessibility improvements achieved by the design patterns which have been specified on the basis of research literature and standards. For the design of adaptation mechanisms (the MyUI transition patterns, see above), however, only little knowledge is available. In experimental studies, we will explore approaches that will help to create user trust and acceptance for intelligent interface adaptations. We expect user control to be a major issue for acceptability. Besides automatic user interface adaptation, the MyUI user interfaces can be individualised also manually. This helps users and their relatives, carers or alike to keep control over the user interface appearance. For this purpose, the user profiles as well as the user interface profiles can be viewed, modified and completed manually.
